Objectives: To investigate national trends in percutaneous endoscopic gastrostomy (PEG) tube placement for hospitalized elderly patients from 1993to 2003. Methods: Retrospective analysis of patients 65 years of age with PEG tube placement from 1993 to 2003 from the Nationwide Inpatient Sample (NIS) database was utilized to calculate PEG placement rates per 1000 people. Results: Placement of PEG tube increased by 38% in elderly patients during the study period, from 2.71 procedures during hospitalization per 1000 people to 3.75 procedures during hospitalization per 1,000 people. Placement of PEG tube in patients with Alzheimer's dementia doubled (5%-10%) over the study period. Conclusion: Over a 10-year period, PEG tube use in hospitalized elderly patients increased significantly. More importantly, approximately 1 in 10 PEG tube placements occurred in patients with dementia.
Background
Since its introduction in the early 1980s, percutaneous endoscopic gastrostomy (PEG) tubes are increasingly being placed among the elderly individuals as an alternative to nasogastric tubes and surgically placed gastrostomy tubes. While only 15 000 PEG tubes were placed in 1989, its placement frequency had increased significantly to 216 000 tubes by the year 2000, 1 and this trend is projected to continue 2 especially in elderly patients with cognitive impairment.
Cognitive impairment affects more than 5 million Americans and is projected to increase to 13.2 million by the year 2050. It is a leading cause of morbidity and mortality among the elderly individuals. 3, 4 Elderly patients with advanced dementia frequently develop feeding problems 5, 6 related to memory loss, indifference/resistance to food intake, and failure to appropriately coordinate chewing and swallowing of the food bolus. Placement of PEG tube is increasingly being advocated in these patients to provide nutrition, hydration, and to administer medications with the long-term goal of improving quality of life and life span. Nationally, the prevalence of PEG tube use among nursing home residents with advanced cognitive impairment is high (18%-34%), [7] [8] [9] and approximately 30% of these tubes are placed annually in patients with dementia. 10 However, despite widespread use, benefits associated with PEG placed in patients with dementia or significant cognitive impairment (SCI) remain unclear. [11] [12] [13] [14] In this study, we investigated temporal trends in the use of PEG tube among the elderly individuals with dementia, in the United States using a large national administrative database.
Research Design and Methods

Data source
This study was based on a retrospective analysis of data obtained from 10 years (1993-2003) of hospital discharge data using the Nationwide Inpatient Sample (NIS) database from the Healthcare Cost and Utilization Project (HCUP). 15 The HCUP family of databases is derived from a partnership between the Agency for Healthcare Research and Quality and statewide data organizations. The NIS includes 100% of discharges for all age groups and all payers from each sampled hospital. It contains data from approximately 1000 hospitals and includes 7 to 8 million hospital discharges annually. The NIS data are available from 1988 to 2003, which allows analysis of trends over time. However, fewer states participated prior to 1993 and could reduce the ability to capture rare conditions. In 1988, eight states were included in the NIS, representing approximately 30% of the US population. By 2005, 38 states were included, representing approximately 90% of the US population. [15] [16] [17] [18] The database contains information related to diagnosis and procedure codes, hospital length of stay, insurance status, median household income for the patient's zip code of residence, and patient disposition including in-hospital death. Hospital-level data such as teaching status, ownership, region of the country, and hospital size also are included. The database contains weights for constructing national estimates and requires attention to the complex survey design to obtain correct standard errors. Complex survey design refers to nationally representative databases typically created by the Federal government. Observations are sampled in a specific manner and failure to account for this sampling leads to imprecise standard errors where everything would be significantly different. The NIS sampling frame permits the development of national estimates of incidence, in-hospital mortality, and information on disease trends. The NIS data are publicly available and are exempt from human participants review.
Study Population
All patients 65 years of age or older with a primary or secondary International Classification of Diseases, Ninth Revision (ICD-9) procedure code for PEG tube placement were included in the study. Rates per 1000 people were calculated using current population statistics. We calculated the number of elderly individuals in each year from the current population statistics and the number of hospitalizations involving a PEG tube from the NIS in each year to allow the calculation of rates. Patients were classified according to presence of several comorbid conditions, including Alzheimer's dementia using their primary and secondary ICD-9-Clinical Modification (CM) diagnosis codes. The ICD-9 codes have been used in prior studies and were consistently followed. There was no evidence that they changed over the study period. Hospitalizations involving a transfer to another acute care hospital (pretransfer hospitalizations) were not included in the analysis in order to prevent double counting of the included participants. 19 Those participants were captured in the subsequent hospitalization at the receiving hospital.
Statistical Analysis
The HCUP database generates nationally representative estimates of inpatient hospitalizations when appropriately weighted. Statistical analyses using the weighting variables require the use of Stata software programs that is capable of accommodating the complex survey design to obtain appropriate standard errors. Significance testing was based on t tests for continual variables and chi-square statistics for dichotomous variables. All analyses were performed using the survey command suite in Stata statistical software (Version 9; College Station, Texas).
Results
Patient demographic characteristics subdivided by 2 periods (1993-1997 and 1998-2003) are presented in Table 1 . The data were split into 2 time periods to assess whether there was any difference between the 5-year period before and after Omnibus Budget Reconciliation Act (OBRA) in 1997. In-hospital mortality rates remained constant during the study period at approximately 12%, and no differences were noted between the 2 periods. More elderly patients were hospitalized from the emergency room in the 1998 to 2003 period compared to those in the 1993 to 1997 period (62.6% vs 55.2%; P < .001). The patient length of hospital stay (LOS) was significantly higher in the earlier period as compared to the 1998 to 2003 cohort (21 days vs 18.4 days; P < .001).
Rate of PEG tube placement increased by 38% over the study period (Figure 1 ). The rate of increase was 2.71 PEG placements per 1000 patients in 1993 to 3.75 PEG placements per 1000 hospitalized patients in 2003. The increase in PEG tube placement rates was more for males (44%) than for females (33%). Table 2 shows the frequency of select primary diagnoses in those with PEG tube over the study period. The primary diagnosis associated with PEG tube placement were cerebrovascular disease in 13.7%, aspiration pneumonia in 12%, pneumonia in 3.11%, malnutrition was 1.94%, congestive heart failure in 1.78%, and dysphagia was 1.36%. Patients with Alzheimer's dementia who received a PEG tube doubled from 5% to 10% over the study period ( Figure 2 ). In comparison, over the same period, PEG tube placement decreased in patients with cerebrovascular disease from 5% to 3%, and in patients with weight loss from 31% to 28%. In patients with aspiration, an increase in PEG tube placement from 22% to 26% was noted. During the study period, the adjusted length of stay decreased by approximately 7 days but the mortality remained essentially unchanged. Between the 2 time periods, there were significant increase in PEG tube placement in the teaching hospitals (P value .0001) but not among nonteaching hospitals (Figure 3 ).
Discussion
This study provides a unique perspective on national temporal trends in PEG tube placement within United States. We report that PEG tube placement continues to rise among elderly patient and placement rates have doubled among hospitalized elderly individuals with dementia over the 10-year study period. Despite increases in PEG tube placement study period, adjusted length of stay decreased (by *7 days) whereas mortality remained essentially unchanged.
Despite inconclusive evidence that enteral tube feeding provides any benefit in patients with dementia (in terms of survival time, mortality risk, quality of life, nutritional parameters, physical functioning, and improvement or reduced incidence of pressure ulcers), we show that PEG tube placement in patients with dementia continues to rise. 20 In a recent study, Teno and colleagues 10 reported that more than one-third of severely cognitively impaired residents in US nursing homes have feeding tubes. The decision to start enteral tube feeding is not evidence based and is influenced by complex ethical issues. 21 Common justifications given may include prolongation of life by correcting malnutrition, reducing risk of aspiration and pressure ulcers, pneumonia and other infections, and/ or optimizing quality of life by promoting physical comfort.
Some studies suggest that enteral tube feeding may actually increase mortality, morbidity, and reduce quality of life. 22, 23 Placement of PEG tube is an invasive surgical procedure with significant risk of postoperative adverse events including aspiration pneumonia, esophageal perforation, tube migration, bleeding, and wound infection. 22 Up to one-third of the older tube-fed patients experience transient gastrointestinal adverse effects (ie, vomiting, diarrhea). 24 Serious mechanical problems, such as bowel perforations, are rare (<1%). 25 However, tube dislodgement, blockage, and leakage are quite common (4-11%) and often necessitate transfer to an acute care facility. 24, 26 It may also increase pulmonary secretions, cause increased agitation leading to the need for physical or chemical restraint to avoid self-extubation. Agitated demented patients may require physical or chemical restraints to prevent tube dislodgment, and tube feeding has been shown to be associated with greater restraint use. Thus, the best available evidence fails to demonstrate significant health benefits of tube feeding in advanced dementia. 27 There are several limitations of the current study. The database does not have patient identifiers, thereby limiting further detailed analysis of their individual hospital stays. This study is limited in being able to detail residents' clinical characteristics, the nursing homes' fiscal, organizational, and other demographic features that may provide more information on the rate of PEG tube placement. The study encompasses the period from 1993 to 2003 and does not look at more recent trends.
Conclusions
Over a 10-year period, the PEG tube use in hospitalized elderly patients increased significantly. More importantly, approximately 1 in 10 PEG tubes placed are in patients with Alzheimer's dementia. Further consideration of these trends of PEG tube placement and the potential for its overuse in future patients with advanced dementia appears warranted.
